Recently, it has become clear that, with the addition of polyamines, giant DNA molecules of size greater than 10 kbp exhibit all-or-none switching between 2 elongated coil and folded compact states. Here, the effects of the intercalating fluorescent labeling dye, YOYO-1, and the minor-groove binding fluorescent labeling dye, DAPI, on the folding transition of single giant T4 DNA (166 kbp) induced by spermidine 3+ were examined, by use of the experimental technique of single molecular chain observation with fluorescence microscopy. It is found that the intercalating dye, YOYO-1, markedly prevents the folding transition, whereas the minor-groove binding dye, DAPI, exhibits negligible effect on the folding transition. This action of YOYO-1 is discussed in relation to the biological effect of intercalators. Among dyes, an intercalator, YOYO-1, is often used for direct observation of DNA because it provides high fluorescence intensity specific to DNA and a low background (11, 12) . On the other hand, it has been reported that DAPI exhibits a smaller effect on the DNA conformation, both the contour and persistent lengths, than intercalators do, although the contrast of fluorescence images of the DNAs is less satisfactory (13). In the present study, we evaluated the effects of DAPI and Spermidine trihydrochloride (trivalent cation) was from Nacalai Tesque (Kyoto, Japan).
3
There have been significant advances in the methods of observing individual molecules in recent years. Single molecular observation can provide direct information on the structure and function of individual molecules. Among the methods for single molecule observation, fluorescence microscopy has been suggested to be very useful to image time trajectories of the shape of individual giant DNA molecules (1) (2) (3) (4) . It has been found that a single giant duplex DNA undergoes a large discrete transition from an elongated coil state to a folded compact state with the addition of various kinds of condensing agents by distinguishing intra-molecular collapse (5-7) from inter-molecular condensation of DNAs (8) (9) (10) . To visualize DNA, it must be stained with suitable fluorescence dyes.
Among dyes, an intercalator, YOYO-1, is often used for direct observation of DNA because it provides high fluorescence intensity specific to DNA and a low background (11, 12) . On the other hand, it has been reported that DAPI exhibits a smaller effect on the DNA conformation, both the contour and persistent lengths, than intercalators do, although the contrast of fluorescence images of the DNAs is less satisfactory (13) . In the present study, we evaluated the effects of DAPI and YOYO-1 on the folding transition of giant DNAs induced by spermidine, with fluorescence microscopy. Our results indicate that the intercalator YOYO-1 prevents the folding transition of single giant duplex DNA, whereas the minorgroove binding agent, DAPI, exhibits negligible effect on the folding transition. Spermidine trihydrochloride (trivalent cation) was from Nacalai Tesque (Kyoto, Japan).
MATERIALS AND METHODS
All procedures were performed at room temperature, 22 ± 2°C in 20 mM Tris-HCl buffer (pH 7.4) prepared with filtered, sterile, pure water. To prevent aggregation, the final concentration of DNA was designated to be very dilute, 0.10 µM in nucleotides. Working solutions of the dyes were prepared fresh immediately prior to use. The dye-DNA complex solution was prepared according to the following procedures. The DNA solutions were gently added to the dye solution to avoid precipitation and equilibrated with DAPI or YOYO-1 for at least 3h and 12h, respectively, in order to secure homogeneous dye binding. Then spermidine solution was added to the resultant mixture and equilibrated for 1h before observation.
The fluorescence images of DNA molecules were observed using a n Axiovert 135 fluorescence microscope, (Carl Zeiss, Germany), equipped with a 100X oil-immersed objective lens. Images were recorded on videotape with a highsensitivity Hamamatsu SIT TV camera and analyzed with an Argus 10 image processor (Hamamatsu Photonics, Japan). The glass microscope slides and cover slips were baked to clean the surface in an electric oven at 500°C for 1h before observation. In order to eliminate the effect of the glass surface on the DNA, we have set the depth of sample solution to be approximately 150 µm, being much larger than usual measurements.
RESULTS AND DISCUSSION Much effort has been made to study intercalator-DNA interactions in connection with antitumor or cytotoxic activities (17) (18) (19) (20) . Those investigations, however, have focused mostly on sequence-specific interactions or local structure changes of DNA (21, 22) in spite of the essential manner of gene expression that involves global and non-site-specific, namely higher order structure change of 8 DNA (13, (23) (24) (25) . It is known that intercalators elongate the coiled duplex DNA chain, and increase the stiffness of the DNA chain (13) . An increase of the stiffness in the duplex DNA should cause instability in the compactly packed state (24) .
Because of the instability of the compact state, it is expected that DNA molecules prefer to adopt the elongated coil state. It is also known that several intercalators, such as ethidium bromide or daunomycin, inhibit the cation-induced condensation of DNA (24, 26) . Consequently, it is suggested that the phenomena we observed here with YOYO-1 would be common to most intercalators, and give us a new insight into the interaction of intercalators with higher order structure of DNA.
To comprehend the mechanisms of the effect of intercalators on the folding transition, further analysis must be made for other types of intercalators, and also theoretical approaches must be promoted involving other parameters such as the electrostatic or solvation effects. Nevertheless, our results clearly demonstrate that an intercalating agent inhibits the folding transition of giant DNAs. the boundary shifts to a higher spermidine concentration (B), whereas DAPI exhibits less effect (A).
